Abstract Fine needle aspiration cytology of the salivary glands plays an important role in the diagnosis of neoplastic and non neoplastic lesions of salivary gland. Crystalloids in salivary gland lesions are a rare occurrence. A case of submandibular sialomegaly in an elderly patient with a clinical suspicion of metastasis was subjected to FNAC which showed crystalloids morphologically resembling amylase occurring in a background of sialadenitis. These crystals are non birefrigent, eosinophilic structures with a variety of geometric shapes including needles, rods, rectangular structures that do not stain with mucin stains. Other important crystalloids which can be observed in neoplastic and non-neoplastic salivary gland lesions are tyrosine-rich crystalloids, collagenous crystalloids, and oxalate crystals. These can be distinguished both morphologically and on the basis of several staining techniques in addition to biochemical studies. FNAC plays a major role in the diagnosis of these lesions and helps in avoiding unnecessary surgery.
Introduction
Many non-neoplastic and neoplastic (benign and malignant) lesions involve salivary glands causing enlargement of the same. Fine needle aspiration cytology of the salivary glands plays an important role in the diagnosis of these lesions. Crystalloids in salivary gland lesions are a rare occurrence. We describe here one such case of submandibular gland enlargement occurring in an elderly man in whom a metastatic neoplasm was suspected and fine needle aspiration of the swelling yielded amylase crystalloids.
Case Summary
A 68 year old man presented with a swelling in the left submandibular region of 4 months duration. The swelling was associated with mild pain. There were no other swellings anywhere in the body. His general physical examination revealed only pallor. He was hypertensive but nondiabetic. His systemic examination revealed no significant findings. His hematological and biochemical profile were within normal limits except for a hemoglobin level of 10.2 g%. The local examination of the left upper neck revealed a solitary, soft to firm well defined swelling measuring 2 cm 9 1.8 cm. It was mildly tender and with mild restriction of mobility. The overlying skin was unremarkable. There were no other swellings in the neck or elsewhere. The oral cavity and the head neck showed no infective foci. Considering the age and the duration of the swelling, a clinical suspicion of a malignant process (metastasis to submandibular lymph node) was made and the patient was subjected to fine needle aspiration (FNAC) of the swelling. The FNAC was performed using a 24-gauge needle attached to a 10-ml syringe holder and the swelling yielded blood tinged, grayish necrotic like material. Smears made, were fixed in Polyethylene glycol fixative and stained with routine Hematoxylin & Eosin, Papanicaloau and May Grunwald Giemsa stains. Cytological examination of the smears revealed a highly cellular smear composed of mixed B. N. Nandeesh (&) Á J. A. Crasta Department of Pathology, St. John's Medical College, Bangalore 560034, India e-mail: nandeeshbn@gmail.com inflammatory cells (chiefly neutrophils along with lymphocytes & macrophages) in a background of dense necrotic cellular debris, karyorrhectic debris and degenerating cells. The background, in addition, showed many geometrical crystalline structures dispersed in the cellular necrotic material. These crystalloids were nonbirefrigent and their shape ranged from rectangular, rod shaped to elongated rhomboid shaped structures and slender needle shapes with blunt ends. In H & E (Fig. 1a) , they were eosinophilic. They were stained reddish to orange colored in papanicalaou stain (Fig. 1b) . These crystalloids ranged in size from 20 to 100 lm in length to 10 to 20 lm in width. A few inflammatory cells were seen entangled to these crystalline structures. These crystalline structures morphologically resembled Amylase crystalloids. No malignant cells or microbial agent (negative for AFB, fungus as ratified by Ziel Neelsen stain, Periodic Acid Schiff and Gomori's methenamine silver stain). A few fragmented salivary acini were also noted indicating the salivary gland origin of the FNAC material. A final cytological diagnosis of Acute on chronic sialadenitis with Amylase crystalloids [cystic sialadenitis with amylase crystalloids] was offered.
Discussion
Enlargement of the salivary gland is one of the common ailment which is often subjected for investigation. The causes of salivary gland enlargement are of great variety which includes both neoplastic and non neoplastic conditions. Fine needle aspiration plays a great role in the evaluation of these salivary gland lesions. This is of much more significance in evaluating an elderly patient with sialomegaly where the clinical suspicion would be malignancy. Detecting crystalloid structures in salivary gland aspirates is a rare observation, which is described in the present case study. Several types of crystalloids may be found in fine-needle aspiration cytology of salivary gland lesions [1, 2] . Since the first report of ''tyrosine crystals'' in a parotid mixed tumor by Bullock in 1953, several types of crystalloids have been described in association with mixed tumor and related neoplastic and nonneoplastic entities. The principal classes of these include tyrosine-rich crystalloids, collagenous crystalloids, and one class variously referred to as nontyrosine crystalloids, and amylase crystalloids. The collagenous crystalloids are composed largely of radially arranged short bundles of collagen that form a stellate structure. The major periodicity of the collagen determined by electron microscopy of dehydrated tissue is similar to that of Type I collagen. The structures have the tinctorial properties of collagen with van Gieson's and Masson's trichrome stains [3] . However, other connective tissue components also appear to be present. These can be distinguished both morphologically and on the basis of several staining characteristics [4] . Morphologically, these crystalloids are composed of radially arranged, needleshaped fibers, are eosinophilic, and nonrefractile. They may fuse to form garland-like structures. They sometimes show a central clear space, occupied by a fibroblast or a small blood vessel. Histochemically, they stain bright blue and red with trichrome and van Gieson, respectively, black with methenamine silver, and gray to black on reticulin staining. They are reactive with antibodies directed against collagen types I and III. They are negative for tyrosine by the Millon reaction. With polarized light, the crystalloids exhibit a pattern of birefringence similar to the surrounding collagen. On electron microscopy, individual fibers possess the ultrastructural features of type I collagen. They are associated with Pleomorphic adenoma (including those of breast and skin), myoepithelioma, ceruminous gland tumor, myoepithelial carcinoma, basal cell carcinoma, basaloid squamous cell carcinoma, and corneal scar [4] .
The second class of crystals is referred to as TyrosineRich Crystalloids: these are round structures composed of radially arranged, blunt-ended (petal-shaped) units; eosinophilic; refractile, non Birefringent. Tyrosine-rich crystalloids are classically associated with pleomorphic adenoma. These crystalloids react with the Millon reagent (which stains tyrosine-containing substances) or positive diazotization-coupling reaction. They show positive histochemical reactions for tryptophan, arginine, and sulfhydryl groups in addition to tyrosine thus the designation ''tyrosine-rich''. Although electron dense, they are granular without internal structure. Thus the designation of ''crystalloid'' has been given [4] . They are classically described in association with the myxoid stroma of mixed tumor; also this has been reported in myoepithelioma, carcinoma ex pleomorphic adenoma, polymorphous low-grade adenocarcinoma, adenoid cystic carcinoma, fibrous meningioma, and fibrous tissue of the larynx. A third class of crystalloid, which is described in the present study, has variously been referred to as ''nontyrosine crystalloids,'' ''amylase crystalloids'' and ''oncocyte/ Cyst-Associated Crystalloids''. They show a variety of geometric shapes, including needles, rods, and polyhedral forms; they are of variable sizes; generally singly dispersed but may aggregate; they are generally eosinophilic and refractile. Amylase crystalloids are non birefringent and are often associated with benign lesions, especially those with oncocytic metaplasia, sialadenitis, and sialolithiasis, oncocytic neoplasms (e.g., Warthin, oncocytoma, oncocytic cystadenoma, and mixed tumor with oncocytic features) [2] . Amylase crystalloids were first described by Takeda and Ishikawa in 1983 where they confirmed the nature of the substance by scanning electron microscopy and electron probe X-ray microanalysis [5] . They observed these crystalloids in association with an oncocytic parotid cyst. Scanning electron microscopically, crystalloids are hexagonal and rhombohedral in shape, and cutting the surface shows a polycyclic structure or regular parallel lamination. By electron probe X-ray microanalysis, sulphur is the only detected element by Takeda et al. [5] . They suggested that crystalloids resulted from deposition from supersaturated saliva containing sulphur containing compound. From the Indian subcontinent, Jayaram et al. [6] was the first to describe such crystalline structures in FNA of benign cystic parotid glands in 1993. Johnson et al. [7] established that these crystalloids represent crystallized alpha-amylase and are different from the tyrosine-rich crystalloids (sun-burst or petal-like structures with blunt ends), or collagen-rich crystalloids (radially arranged fibers of collagen around a clear central area) which are reported in pleomorphic adenomas. They are classically described on routine stains as non birefrigent eosinophilic, glassy rods, squares, rectangles and needles, that do not stain with mucin stains (Alcian blue, Mucicarmine) [8] . The crystalloids stain deep blue with Diff-Quik and bright orange with Papanicolaou stain. They do not stain with Prussian blue and von Kossa which rules out any mineral content in these crystals [9] . Amylase crystalloids may also be found in normal and cystic lesions of salivary glands [10] . It has been suggested that they may be responsible for the initiation of calculi formation or a granulomatous response [11, 12] . The proposed hypothesis is that they may have formed by the super saturation of saliva.
Quantification of Amylase activity of these crystals can be done by electrophoresis or mass spectrometry. Matrixassisted laser desorption/ionization (MALDI) mass spectrometry has confirmed that these crystalloids have a molecular weight of 57,768 Id [13] . On transmission electron microscopy these crystals are polyhedral with no periodicity. Biochemical analysis can be done by automated analyzers. In the absence of non-availability of these techniques a cytopathologists should be aware of the appearances of these crystals on light microscopy to arrive at the correct diagnoses. Similar-appearing crystalloids were subsequently reported in association with sialadenitis, sialolithiasis, salivary gland cysts (including ones with oncocytic features), and lymphoepithelial cysts [10] . They were originally considered a marker of nonneoplastic disease, but Gilcrease and colleagues [14] identified them in oncocytic neoplasms. Hence rendering a specific diagnosis based on the presence of such crystalloids is very difficult and Nasuti et al. [15] has stated that amylase crystalloids should not be accepted as a noncellular marker for specific salivary gland pathology.
Their nomenclature became confusing because different authors chose to stress different crystalloid features. For example, Gilcrease and colleagues [14] referred to them as ''tyrosine-rich crystals,'' based on a positive Millon test and on ultrastructural appearance. Granter et al. [16] described them as ''nontyrosine crystalloids,'' to emphasize their separation from the more well-known tyrosine-rich crystalloids. Boutonnat et al. [13] used the term amylase crystalloids, in light of significant amylase activity as measured on a chemistry analyzer. A band on protein electrophoresis similar to that of human saliva and porcine pancreatic amylase, and peaks on mass spectrometry similar to those for amylase was found in a published database. Johnson et al. [7] reported immunohistochemical reactivity with an antibody to amylase.
Nontyrosine crystalloids are technically incorrect because several authors have shown them to contain tyrosine. The term oncocyte/cyst-associated crystalloids encompasses the crystalloids' known disease associations and may also reflect their etiology (i.e., possibly the product of oncocytes, fostered by the microenvironment of the cyst).These can clinically present as swellings with no associated symptoms which can be misdiagnosed as a neoplastic process. Most of the cases reported in the literature have been wrongly misdiagnosed as tumors, but FNAC has resolved the issue in every case [9, 10] . These patients have been found to have no recurrence on follow up. In conclusion, an awareness of such an occurrence is important for both cytopathologist and the clinician. FNAC plays a major role in the diagnosis of these lesions and avoids unnecessary surgeries. The present study demonstrates the utility of fine needle aspiration cytology in the accurate diagnosis of sialadenitis with crystalloid formation and thus attempts to create an insight into this entity of crystalloids in salivary gland lesions.
